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INTERIM COMPUTER PROGRAM FOR ESTIMATING

AIRCRAFT ENGINE WEIGHT AND DIMENSIONS

ON A COMPONENT BASIS

by

Leo Franciseus

SUMMARY

A rapid, approximate, general-purpose aircraft engine

weight and dimension computer program is described. It

is designed to complement modern cycle performance programs

in that any engine configuration may be specified by input.

A representative flowpath is generated internally using

thermodynamic properties supplied by a cycle program.

Mechanical and technological features of the engine are

defined by further input. Thus directed, the program

estimates engine weights and major dimensions on a component

by component basis for any engine whose components can be

represented within the program.

The component weight data base now included in this

report reflects selected high technology supersonic cruise

aircraft research study engines together with NASA in-

house results and some older military supersonic engines in

an averaged or representative sense. The component



correlations included at present are highly simplified

and involve a minimum number of parameters. Nevertheless,

based on a limited number of trials using uncalibrated

input, the program results agree reasonably well with

contractor data. If better agreement or other component

types are required, the program input provides means for

calibrating the weight relations for specific engine types

and technologies. In general, each component is repre-

sented by an individual subroutine using empirical correla-

tions derived from the data base. Refined component

definitions or additional components can, therefore, be

easily incorporated.

This is regarded as an interim code; it is expeeted

that a more sophisticated version (which will probably

contain proprietary information) will be developed within

one to two years.

INTRODUCTION

Aircraft propulsion system studies are being conducted

by NASA and the industry for a variety of applications;

e.g., supersonic cruise aircraft research (SCAR) study

engines, engines for low fuel consumption and military

engines. As shown by the examples in figure 1 these studies

encompass a wide variety of engine concepts ranging from

advanced conventional turbojets and turbofans to a number

of complicated variable cycle engine (VCE) coneepts.



The components for these engines are in some cases novel

and in many others involve weight/cycle performance

tradeoffs that may differ signnificantly from older practice.

In order to evaluate these engine concepts and their

associated component tradeoffs, performance and weight

estimates are equally necessary. The best available

estimates in terms of accuracy and realism are of course

provided by contractual studies, in view of the engine

companies' expertise and experience. However, this approach

would be costly and time consuming, especially for brief

in-house concept tradeoff studies and broad ranging in-

house parametric studies which nomnally should precede

major contractual efforts. It has also been found un-

reasonably time consuming to devise a new, separate pro-

gram for each new cycle concept.

At present, there are few, if any, general purpose

engine weight codes available. Reference 1 describes a

correlation technique for estimating the entire engine

weight for turbojets or turbofans based on a few gross

parameters such as bypass ratio and overall pressure

ratio. It is limited, however, to conventional engine

types and lacks the sensitivity required for perturbation

or tradeoff studies at the component level. In reference 2,

Sagerser, et al provide a weight estimating procedure on

a component basis which was coded at LeRC for a limited



number of cycles only. There is, therefore, a need for a

highly flexible, rapid, general purpose engine weight code

for NASAin-house studies. Although certain simplifications

must be accepted for the sake of speed and flexibility, it

would allow engine configuration and weight to be approxi-

mated when the performance of a new cycle is calculated.

Such capability would be a particularly valuable adjunct

to modern cycle performance programs such as the NAVY/NASA

Engine Program (NNEP, reference 3), which can accept any

engine definition on a component by component basis.

The present report describes a companion program to

NNEP for preliminary estimates of engine weight and dimen-

sions. Like NNEP it will accept an arbitrary engine defini-

tion on a component by component basis_ specified by input.

Flowpath data and thermodynamic characteristics of the com-

ponents are f_rst calculated by NNEP or an equivalent per-

formance program. This information together with data to

define the type, number and inter-connection of components,

key meehanical features and technology details is then input

into the program to determine weight and dimension estimates.

The program is written in FORTRAN IV for the UNIVAC

iii0 series computer. Included in this report are a pre-

sentation and discussion of the current weight and dimension

relations, a description of the computer program itself,

input and output characteristics, instructions for use and

several sample applications.



It should be noted that in its present form the pro-

gram contains comparatively s_mple correlations derived

from a limited and specialized data base. It is not re-

presented as being necessarily suitable for different or

more general applications without calibrating or revising

the correlations or using more sophisticated weight models

which reflect a wider data base. A more sophisticated

version is being planned which will supercede the present

program in one to two years. However, this later version

will probably contain proprietary features and will,

therefore, be available to government agencies only. This

interim version is, therefore, being reported both for the

sake of its immediate utility and its possible use as a

building-base by non-government users.

METHOD OF ANALYSIS

Thermodynamic data, flow properties and representative

annulus ratio are used to calculate+low areas and com-

ponent diameters. Empirical expressions are used to deter-

mine weights and lengths. The empirical expressions for

estimating the weights and lengths for fans, compressors,

combustors, turbines and ducts are similar to those pro-

vided by Sagerser, et al in reference 2. Correlating

data for these expressions was taken from selected SCAR

study engines (references _ and 5), selected NASA in-house

results and some representative military supersonic engines--



all averaged together with appropriate weighting factors

and adjustments. For components and weight items not in-

eluded in reference 2, new but comparably simple correla-

tions were adjusted to the same data base. With com-

ponent weights estimated in this manner, the total engine

weight is obtainedby summation. The components and

weight items now included in the program are listed in

Table i.

Component Diameters

Flow areas are calculated from known or calculated

thermodynamic and flow properties.

Front hub and tlp diameters are calculated by in-

puting a speelfled hub to tip diameter ratio or hub

diameter.

a. Hub to tip diameter ratio speelfied:

(l)

b. Hub diameter specified

(2)

Rear hub and tip diameters are calculated by

specifying the rear to front hub diameter ratio or the hub

diameter.

k



El

_r

a. Rear/front hub diameter ratio specified:

D;I,!=P'.I_ P!i /r'.;_

use equation (3)

b. Hub diameter specified:

use equation (3)

For dual flow components such as inverting valves

(figure 2) the inner flow tip diameters are calculated

first and then used as the hub diameters in equation (3)

for calculating the component tip diameters.

Component Length and Weight

The length and weight relations for the components

in the program thus far are given in Table II. Correla-

tion curves for fans, compressors, main burners and tur-

bines are shown in figures 3 through 6 with curves from

reference 2 for comparison. Correlating weight relations

for duct burners is shown in figure 7. Though admittedly

based on scanty data, the weight equation given in Table

II was derived from the curves in figure 7. In the

length relation the L/H term provides for the burner

pilot length and values of 1.5 to 2 are appropriate

for supersonic engines. The second part of the equation

provides for the length required for efficient burning.

Values for the effective volume, VBEFF, are on the order

of 1.6m B (60 ft.3).
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Diverter valve schemes (figure 2) are studied in

many variable cycle engine concepts. The purpose of

the valve is to divert some of the bypass airflow either

around or through the core engine at a variety of flight

conditions for improved off-design engine performance.

Since this is a new component, only a few data points

are available for weight and length estimates.

Due to the cooler gases_ the front valves are much

lighter than rear valves as indicated by the weight

factors, K. No significant variation was observed in

the valve length parameters. As seen in Table II,

length to average annulus height ratios are in the range

of _to 5.

In many engines, the structural casing between

components is a significant weight item. In some turbo-

fans, for example, the aerodynamic design of the duct

between the fan and compressor separates the fan and

compressor by a significant distance and the duet inner

wall becomes a structural member. The weight equation

for intermediate casings in Table II was derived from

the curve shown in figure 8.

Nozzle weight data from the data base engines

(ejector or plug type nozzles) did not encompass a

sufficient range of sizes or parameters for correlating

purposes. Also in many eases reversers and suppressors



were included in the nozzle weight so that it was diffi-

cult to isolate nozzle weight from the overall exhaust

system weight. At the present time, therefore, the duet

weight relation is used for nozzles. This requires

calibrating the duct weight factor for a baseline nozzle

of known weight and dimensions. Results using this

procedure compared reasonably well with contractors'

data for engine sizing calculations. In Table II a

typical nozzle weight factor is shown. The length/

diameter ratios of 1.5 to 2.0 are representative of the

nozzles considered.

Weight data for controls, accessories and the

lubrication system showed little variation among the

data-base engines considered. For large engines on

the order of 400Kg/sec (900 ibm/see) to 500Kg/see

(ii00 ibm/see) this item may range from 363Kg(800 ibm)

to 450Kg (i000 ibm).

COMPUTER PROGRAM

The computer program will calculate the weight and

dimensions of engines having any combination of the com-

ponents shown in Table I. The program is arranged to

provide a separate subroutine for each type of component.

This allows the addition of new components into the

program with a minimum of changes. Appendix B describes

the subroutines now in the program. Appendix C gives



the program Fortran listing and figure 9 shows the flow

diagram. Figure i0 illustrates the operation of the

program. The engine components making up the cycle and

the interconnections of the components are selected.

A cycle program provides the thermodynamic properties

of the components. The weight program then computes

the dimensions (hub and tip diameters and lengths) of

the components. These dimensions are then used by the

component weight relation.s. Each component is identi-

fied in the main program and the calculation is then

directed to the appropriate subroutine. After the

calculations for all of the components have been com-

pleted, the total engine weight is computed by summation.

PROGRAMINPUT

The program input consists of four parts:

i. General

2. Engine layout

3. Component definition

4. Component thermodynamic properties

A description of the input is provided in Table III.

Figure ii shows a sample input for a rear valve variable

cycle engine from the SCAR studies.

General Input

All of the input is in NAMELIST format except for

i0



the title which is in A format. The program will cal-

culate any number of eases with each case beginning

with the title card. The numbers shown in the schematic

in figure ii are component sequence numbers and show

the sequence of inputing the component descriptions

and the sequence in which the component weights and

dimensions will be calcul_ted. The input item, NCOMP,

in Table III must be the same as the last component

sequence number (NCOMP = ii in this example). The

sizing factor, SIZE, enables scaling the engine airflow

from the input value to other sizes. The program changes

the component airflows specified in the thermodynamic

properties using the sealing factor and computes com-

ponent weights and dimensions for the revised airflows.

For example, if the input airflows are for a 408Kg/sec

(900 lbm/sec) engine and it is desired to compute the

weight of a 272 Kg/sec (600 ibm/sec) engine, SIZE would

be input as 0.67.

Engine Layout Array

The engine layout array identifies and links the

components. Each line of the array represents a com-

ponent (see figure ll). Each line contains a maximum

of thirty possible input items described in Table III.

The first item is the component sequence number mentioned

in the General input description. The second item is

ii



the component identification number. Component types

are assigned identification numbers in the program.

These are defined in Table IV.

For instances the first component in the schematic

of figure ll is the fan and the first line of the engine

layout array, COMPON (1,1), is for the fan. The first

item of this line is the component sequence number, i,

and the second item is the identification number, 3.

The second component in the schematic is the compressor

and the second line of the array, COMPON (1,2) , is for

the compressor. The first item of this line is, 2, the

component sequence number and the second item is B,

identifying the component as a compressor. Items 3

through 9 of each line are the hub diameter specifica-

tions defined in Table III. As mentioned before, tip

diameters are calculated from flow areas by using the

following options :

i. Specify the front hub/tip diameter ratio

2. Specify the rear/front hub diameter ratio

3. Connect the front or rear hubs to the hubs

or tips of other components

The first two options are used for the fan in

figure II ; item 3 of the first line of the array is 0

and items 8 and 9 give the front hub/tip diameter ratio

and the rear/front hub diameter ratio as 0._ and 1.7

12



respectively. An example of the use of the third option

is shown by the rear inverting valve, component 10

(COMPON (i,I0), in the layout array). Item 3=3 indica-

ting the front and rear hub diameters are specified by

the dimensions of other components; the front hub

diameter equals the first low pressure turbine (com-

ponent 6, item _=6) rear hub diameter and item 5=9

which is the rear hub diameter identification number

from Table V. The valve rear hub diameter equals the

second low pressure turbine (component 7, item 6-7)

front hub diameter (item 7=7).

Item i0 (Table III) indicates that the component

length is defined by the lengths of other components.

The number of other components is specified by this

item and the other components are identified by their

sequence numbers in items 20 through 30. Item i0 can

be used when a component length is not known or defined.

At the present time it is used for ducts and intermediate

casings only. Item ii can be used to specify the com-

ponent length and is also used for ducts and intermediate

casings only at the present time. Lengths for the other

components now included in the program are calculated by

the expressions given in Table II.

13



Items 12 through 19 may be used to specify the

thermodynamic properties of one component with respect

to others. An example of the use of this option is

shown by the main burner of the example in figure ii.

Referring to the fourth line in the layout array for

the burner, coMPON (i, 4), item 12=2 indicating that the

burner entrance thermodynamic properties are specified

by the compressor exit conditions. If items 12 through

19 are not used, the thermodynamic properties are input

in the thermodynamic array.

Items 20 through 30 are used in conjunction with

item 10. For example, for the duct, component ii,

(COMPON (i, ii) in the layout array) item 10=1 indicating

that the duct length is specified by the length of one

component which is the second low pressure turbine,

component 7, and item 20=7.

Component Definition Arrays

Each type of component is provided with a definition

array described in Table III and illustrated in figure ii.

Each line of each array is reserved for a component of

that particular type. Except for the duct array each

array is sized for a maximum of five components. The

duct array includes ducts, duct burners and intermediate

casings and is sized for a total of ten of any combination

of these components. The components are input in each

14



definition array in the same order as they appear in the

engine layout array. For example, for an engine with three

turbines as in figure ii, the three turbines, components

5, 6 and 7, in the layout array are defined in the turbine

array as turbines i, 2 and 3 (TURBD (i, i), TURBD (I, 2)

and TURBD (i, 3).

Component Thermodynamic Array

The component thermodynamic properties are input in

the component thermodynamic array (Table III) in the same

order as the components appear in the engine layout array

as illustrated in figure ii. If it is desired to specify

these properties by those of other components (item 12

through 19 of the engine layout array) zeroes are input

for each thermodynamic property. For example, the enter-

ing thermodynamic properties for components 4, 5, 6 and 7

in figure ii are specified by those of other components

(see item 12 for these components in the engine layout

array). In the thermodynamic array zeroes are input for

the entering properties for these components. For the

inverting valve, component 10, in figure ii the entering

conditions for the inner and outer streams are specified

by the first low pressure turbine and the duct burner exit

properties respectively. In the engine layout array,

therefore, for COMPON (l, i0), item 12=6 indicating the

inner stream entrance properties are those of the com-

ponent 6 exit properties. Item 13=0 as described in

15



Table III. Item 14=9 indicating the outer stream entrance

properties are those of the component 9 exit properties.

In the thermodynamic array the entrance properties for

the inner stream (PTIN, TTIN, etc) and outer stream

(PTINO, TTINO, etc) are zero for component 10. It is

seen that the exiting inner and outer stream properties

(PTEX, TTEX, ere and PTEXO, TTEXO, etc.) are input in

the ther_m_dynamics array.

Instead of inputing exit Mach numbers in the ther-

modynamics array for fans and compressors, an alternate

method of defining the exit Mach numbers is provided by

specifying the exit to entrance velocity ratios in the

fan and compressor component definition arrays, FAND

and COMPD. These are input in item 9 in the fan array

and item 6 in the compressor array (Table III). In this

case the exit Math number in the thermodynamic array is

ignored and calculated by the program. This alternate

method is used for the fan and compressor in figure ii.

The velocity ratios, 0.85, for the fan and compressor

are typical values.

Similarly, the turbine exit Math number, total temp-

erature and total pressure may be calculated by the program

instead of inputing them by setting item 15 of the turbine

component definition array equal to i. When this is used

the values in the thermodynamic array for these properties

are ignored by the program. This method is used in the

16



sample input in figure ii ; item 15 for the three turbines is equal

to I in the turbine array, TURBD.

Figure 12 shows the computer output for the sample input

of figure ii. The identification is printed first. The com-

ponents are listed in the same order as they appear in the engine

layout array. The number of each component type is also indenti-

fied (TURBINE i, TURBINE 2, TURBINE 3 etc.). The diameters,

length and weight of each component are listed and the total

engine weight is shown last.

SAMPLE CALCULATIONS

To illustrate the use of the program and compare results

with engine company estimates, the weight and dimensions were

calculated for cycles comparable to the Pratt & Whitney IZ2B

rear valve variable cycle and the VSCE 502B duct burning turbo-

fan. Also, the effects of engine size and cycle parameters

such as overall pressure ratio and bypass ratio on engine weight

were calculated and compared wit]] Pratt _ Whitney estimates.

Calculations for The Rear Valve Variable Cycle

(P&W ll2B) and The Duct Burning Turbofan

(m&w VSCE 502B]

Cycle calculations to simulate the thermodynamic properties

of the II2B and 502B were performed with the cycle computer

programs of references 3 and 6. Figures 13 and i_ show the engines

calculated by the weight program compared to those scaled from

17



drawings and dimensions given in reference 5. It is

assumed that the drawings provided in reference 5 are

reasonable approximations of the actual engine layouts.

The calculated lengths are somewhat shorter than Pratt

& Whitney's layouts especially for the II2B. This is

due in part to the fact that the Table II correlations

are for "annulus-inverter" type valves whereas the II2B

actually uses a somewhat different type. However, the

flow areas and diameters for both engines compare well

with the drawings from reference 5. A comparison of

the base engine weights in figures 13 and I_ show that

the calculated values are within 5% of the estimates

given in reference 5.

Table VI shows calculated weight breakdowns for the

two engines on a component basis. Comparisons with the

engine company estimates cannot be made due to proprietary

considerations.

Effect of Engine Size on Base Engine Weight

Many engine studies involve tradeoffs between engine

size, weight and performance to determine the best engine

size. In some cases a reference engine size and weight

are known from contractor data. In this event the weight

program can be calibrated to duplicate the reference size

and weight. Weights for other sizes can then be calculated

by specifying the desired size as described in Table III.

18
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If a reference size and weight are not known, a reference

size is chosen. Weight calculation for the PEW 502B

type engine described in the previous section can be

used to illustrate engine sizing calculations with the

program. Weight estimates were calculated for a reference

size of q09 Kg/sec (900 ib/sec). For a 272 Kg/sec

(600 ib/sec) engine _IZE = 0.666 in Table III), the

component flows (duct_ core, fuel) are ratioed by 0.666

and weights and dimensions are calculated component by

component. Weight estimates for other 502B engine sizes

were calculated and the results shown in figure 15 com-

pare within 3% of the Pratt & Whitney estimates from

reference 5.

Effects of Overall Pressure Ratio and Bypass

Ratio on Bare Engine Weight

In parametric cycle studies it is necessary to deter-

mine the effects of cycle parameters (bypass ratio,

turbine inlet temperature_ overall pressure ratio, etc.)

on engine weight. Figures 16 and 17 show examples of

engine weight studies for overall pressure ratio and

bypass ratio. In figure 16 the overall pressure ratio is

varied by varying the compressor pressure ratio for a

constant fan pressure ratio. The variation of the number

of compressor stages with pressure ratio is shown in the

figure. It is seen that there is little variation in

19



base engine weight with pressure ratio. Although the

compressor weight increases with compressor pressure

ratio, the higher pressure leads to reduced turbine size

and weight. It should be noted, however, that these

results are applicable to the range of pressure ratios

considered here. Larger excursions in pressure ratio

may very well require additional turbine stages resulting

in higher weights. Figure 17 shows base engine weight

versus bypass ratio for duct burning turbofans. The

calculated weights are seen to be within the band of

estimates by Pratt & Whitney from reference 5.

CONCLUDING REMARKS

The computer program described in this report can

be applied to a wide variety of engine cycle concepts

provided that appropriate component subroutines are

available. It is intended mainly for such purposes as

preliminary analysis of novel engine concepts, preliminary

cycle selection studies and component tradeoff and sen-

sitivity studies. Its application to more detailed design

or evaluation would be questionable.

It should be noted that the program is an interim

version and no attempt has been made to provide a com-

prehensive data base or correlations which are elaborate

enough to encompass a wide variety of applications.

However, the program has been designed so that different

2O



data bases, other types of components and/or more refined

component definitions may be readily incorporated. It

may, therefore, be considered as a building-base which

can be adapted by the user to suit a variety of needs.

In general, results from the program show reason-

ably good agreement with contractor results for engines

relevant to its present data base. As a general rule,

it is felt that the best use of the present program is

for perturbation or cycle selection studies within a

given concept. For good relative results the program

should be initially calibrated to agree in detail with a

well known baseline engine which is representative of

the particular concept and technology level of interest.

The use of the program for comparing fundamentally different

engine concepts is more prone to error since the accuracy

of the weight trends generated by the program are de-

pendent upon the accuracy of the data base. Hence, a

good data base substantially enhances the reliability of

the program. Therefore, the user should carefully review

his needs and choice of data base when using the program.

21



L'7

k-
E_

B

A

AR

C

D

g

H

K

L

M

N

APPENDIX A

SYMBOLS

P

R

SP

T

U

W

¥

Subscripts:

a

b

C

H

M

R

2 ft2
area, m ;

aspect ratio

chord length, m; ft

diameter, m; ft

gravitational constant, m/sec 2", ft/sec 2

height, m; ft

weight correlation factor

length, m; ft

Mach number

number of stages

stagnation pressure, N/m2; ib/ft 2

specific gas constant, joules/(kg)(K); ft-lb/(ibm) _R)

axial spacing, m; ft

o
stagnation temperature, K; R

tip speed, m/see; ft/see

weight, kg; ib

gas weight flow rate, kg/sec; ibm/see

solidity

specific heat ratio

air

burner

compressor

hub or inner

mean

rotor 22



REF reference

S stator

T tip or outer

X axial

i front

2 rear

Superscripts :

-- average

23



APPENDIXB

PROGRAMSUBROUTINES

FAN

COMP

COMB

TURB

VALV

DUCT

TRANS

POLY

VISC

compute diameters, length and weight for con-
ventional or split fans

computes diameters, length and weight for com-
pressors

computes diameters, length and weight for main
burners

computes diameters, length and weight for tur-
bines. Uses synTnetrical velocity vector diagrams
to compute turbine efficiency. Matches turbine
speed and work with the driven component. Cal-
culates thermodynamic and flow conditions
(P, T, M, ere) at rotor entrance and exit.

computes diameters, length and weight for valves
or ducts with dual streams

computes diameters and weight for duets, duet
burners and intermediate casing

obtains thermodynamic and flow properties for a
component from the propteries of other specified
components. For example, the entrance and exit
conditions of a duct connecting the fan to a

duct burner can be obtained with this subroutine

by specifying that the upstream and downstream

components of the duct are the fan and ductburner.

calculates enthalpy (real gas) as a function of

temperature and fuel-air ratio

calculates viscosity of a gas as a function of

temperature

21i
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151, AMIKIO(25), AMEX(25)t GA_IN(25), GA_IFX(25), GAHINn(25), C,A_EX,q(

225), CPIN(2_), CPINO(25), DTIIUO(25), PTE×P(2_), TTINO(25|, TTFXF_(2

35)t WAINn(25), WAFX_(25), RIN(25), REX(25), RTNO(25), RFXn(25}, C,P

4EX(25), CPF.XN|25), Cr)MPON(30,30)t FANr}(15,5), Cnl,,,Dr_(IO,5), r_UC'rF'(I

55,20), TURBD(20,5), 8URNP(IO,5), A_;S(2_,25), TTFX(25}, AMEX_(25),

6DCO_PN(25), VALVD(_,5).., A(13)

C

5

I0

20

30

_tAMFLIST I IN/PTIN,PTF.X,TTIN,TTFX,WAT_',WAFXtAM[I_,AMINn,A#FX_AMFXn,

IC-AlUl _I,_AMF.X ,GA_41 NO, GAMF. XF_, C_ IN, CP TNO, PT I_l_, PTF, Xn ,TT INP, TT_ XO., WAT K!n

2, WAEXO_ P,IKt,RF,X, R I Nr_,REX_,CPF, X,CPF, XO ,FA_,D,COMP_ ,_UCTr),TURBI"), F_UP_, C

30_PnN, NCOMP, VALVO, SiZE, ACC, IS I

cr]N_ON /THFI_/ PTIN,PT_X,TTIN,TTFX,WAINtWAEX,AMI_,i,A_TN_,A_FX, A_EXF),

IGAIV_IN, c,A'4E ×, G AM IN_, GAMF. XO,C P I_,C Pl Nn, PTI Nn, P TF Xr',TTI Nn, TT EXO, WA I'V'-'

2,wAF,XO,_IN,RFX,PINn,RFXP,CPEX,CPFXP,PTI,C'T2, TTI, TT2,WAI,WA2tAUI,A v'

_2,CPI,CP?,RI,PP,GA_41 ,GAM2,PTI_,PT20,TTIIq,TT?t"),WAIP,WAP_,A_."IP, Au2 _,

4COlQ, CP20, P IO,R 2n, r,h'wIn ,C,A'_.20,DC OuPN, INlJ,U,! £, JS,KS

_AN'ELIST / OUTI/PTI,PT2,TTItTT2,WAI,WA2, A_,_I,AU2

NAUFLIST / OUT2/PTIC),PT20,TTIO,TT2_,WAln, WA2P,A_In,AI,_2 ''

R F.AP, (5 ,340, F,ND=33_ )

WRITE (6,350) A

RF.AD (5, I_"}

I AN_B=O

I=O

I F=O

IC=O

IB=O

I _UCT=O

IAUXT N=O

IVAL V=O

I TI.lP B=O
I Dt!CBN=O

I=I+1.

IF (I.GT.NCnMP) On T9

I _'UI_=CO_4PnN (I ,I )

ITYPE=C q_PO_'( 2, I )

IVAR=O

IHIIS--C opPrlf_ (3, I |

ILNGTH=COMPr'_,_| tO, I )

IUP=COMPflN(4, I )

INUB I=C(qMPO_ '(5, I )

[Dlu=COMPON|F, I)

A

II4UB2=CnMPOK_(7, I )

IF (IHUI_.EQ,O) GO TP 30

IF (IHUI_.LT.3) GO TO 20

DHI =ANS ( IUP, IHU 8t )

DH2=ANS(IDN,IHUB2)

G_ TO 30

If= (IHUB. F.O.I) DHI=ANS( IUP, IHUBI)

IF IIHUB.F.O.2) DH2=ANS(IDN,IHU_?)

IF (ILNGTH. FO.OI GO TO 50

AL=O. 0

JX= I q+ IL f',!GTH
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40
5O

6O

7C

80

9O

DO 40 J=20,JX

JA=Cn_PON(J,I)

AL=ANS(JA, iC)÷AL

TF (CQMPnN(12,[).FO.O.O)

AS= CI')IvIPPN ( [2, [ )

P,S=CPMPON(].3, ()

JS=IFIX(AS)

K S= IFIX ( BS )

I S=I

CALL TRANS

IF (COMPON(14,1).FO.O.O)

A S:COMPf]N (14, | |

BS=COMPON(15,1)

JS=IFIX(aS)

KS:IFIX(BS)

l S=2

CALL TR A_S

IF (COMPON(16,1 }.EQ.O.O)

AS=COMPnNI 16,1 )

BS=COMPON(I7, II

J._=IFIX(AS)

KS=IFIX{RS)

IS=3

CALL TRANS

IF (COMPON(18,1).EO.O.O}

A S=COMPON(18, I )

B S=COMPO_'( lq,I }

JS=IF IX (AS )

KS=IF IX(BS)

I S=4

CALL TRANS

PTI=PTIN(I_'UP}

P T2=PTFX(It!UP)

TTI=TTIN(INUM)

TT2=TTE X ( I NUP)

WAI=WAIN(INU_')*SIIE

WA2=WAEX ( INUM)*S I ZF

A_I=AMI N( I _'UM)

AMIP=AM Ih_O( INU_ )

A_2=AMF_X (I_UM)

A N'20=A MF XO( I NUM |

PTIf]=PT INn ( INU'4 )

PT20=PTEXOfIN_I_)

TTID=TTINO( INU u)

TT20=TTEXO ( INU _ )

WAIO:WAINO( INU '_)'_S IZF

WA20:W6 F XO( I NUM),_ SI Z.F.

[=RIN(INUP)

R2=_ FX ( INU _')

R ID=R INO! I_'HM)

R2P=P EXQ ( INU M )

C,AMI =GA-M IN( INtIM )

GA_2=GAMEXI I NtJM)

GAPlO=GAM IKF_(IN_IM)

Gn Tn 60

GO TC 70

GQ TO 80

Gq TO qo
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I00

C

II0

C

120

GAM 2F):GA uE Xn( INLIM)

CPI= CP I_ ( INII_ )

C Pl F_:CP I_n( I _LJ_)

CPP=CPEX( I_IIJMl

C P2D=CPFXO (INUM )

GP TO (IO0,[30,110,I20,140,150,1(-O,ITO,I30),ITYPF
AMD IENT

C O_'T INU F

GO Tn 190
C F_'PflNE_!T F A_!

IF:IF÷I

_S=F AND ( 2, I F)

AR_: FA_ID( ._, IF)

ARS=FAND[4, IF)

SR:FAND(5tIF)

SS:FAND( 6, IF)

S IG:FAND(7, IF)

UT:F AND(8,1F)

DHPPT:Cf)_'PPN ( 8, I )

DHDr).H:CFIMPCN (o, I )

VR:F AND ( o, IF)

VRP:PANDI IC, IF)

IVAR:FA_rr_{I I, [¢)

A KW:FAND ( ]2, I F)

AX=FA_D( 13, IF)

CALL FA_! (PTI,PT2,TTI,TT2,WAI,WA2,AMI,AMIC),PTIn,PT?q,TTImtTT2F_tA×,

IWA IF]tWA 2n tR I ,RI n,GAWI ,GAMI c),C P! yC P! r, DHnr)H, DHPD.T ,VR, VRO, IV _R, _,'S,_R

2R,A_S,SR,SS,SIr,,UT,[HUB,DTI,r)HI,DT2,DH2,AM?,_TIf_,t')HIF_,nT2P,_Hpn,A_

32P,AL,WT,AKW, IS! )

AMFX( I_IUM}=AM2

A'_FXO( INUM)=AM2F_

ALP:O.O

C,O TO 190

KOMPF_NFNT C,e_'PR ES SOR

IC=IC+I

A_'F=COMPO( 2, IC )

AR&=COMPr)(3, IC)

AR_:COMPI3 {4, IC)

UT=CrlMPD( 5, IC )

nH(nr3T:CO, MoO_{B, I )

DHCDH:C _MPO_! (g, I )

VR:COMPD{6, IC)

PR=COMPr){7, IC]

AKW=CO_PD( 8, IC)

AX=COMOD{9, IC}

CAtL COMP (PT!, PT2,TTI,TT2,wAI,WA2, AMI,Pl,r, AUI,CPI,ARR,ARS,UT,_H_-_

IT,PHFIDH_VR,PR,AKW,AN=,IHUq,AX,DTI,DHI,DT2,F_HP,AM2, AL,WT, IS[)
ALn=O.O

D'rl r}=DT I

T2_=_ T2

nHlr_:I)Hl

_)HP F]=n,H?

_EX( INUM)=AM2

GO Tp !o0
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C

140

C

150

C

160

AUX INLET

Cn_,T INUE

On TO 190

VALVF CNMPnNFNT

IVALV: IV_LV+I

DH/,DT6=C I_MPnN l_, T }

DH7DH6=CPMPONI9,I )
A KI,'=V ALV 1")| 2, IVALM )

AX=VA.LVO (3,1VALV)

CALL VALV (PTI,PT2,TTI,TT2,WAI,WA2,AMI,A'41r_,PTIN,PT2n,TTIr%,TT2P,NA

IIq,WA2N,_I,PlC),GAMI,GAmlP,CPI,CPlO,AKW, lHUP,,DH6OT6, DHTDH(_,AX,OTI,D

2H I,PT2,PH2,AM2,r_TIN,Obll CJ,,DT2CI,DIg2C,AM2q, AI_,WT, I_ I)
GA Tn IgO

COMBUSTqQ

IB=IB+I

.F)H3DT3=CO"Pn_!(8, I )

DH2.-r)HI=CnMPnN(O, I )

A LF_F_H=BURND( 2, IR)

VR=RLIR_D( 3, IB)

VREF =BLJRND{4, I_ )

AKW=RURNDIS,IB)

AX=BURND(6, IP)

CAlL CNHP (PTI,PT2,TTI,TT2,WAI,WA2,VRFF,VR,AMI,GAMI,GAM2,RI,R2,1MI,!

IB,DH2DHI,A[F_DH,AKW,DH3DT3,AX,DTI,OT2,DHI,DH2,AM2,AI_,WT,ISII
A Lr_=o.o

DTIO=DTI

nT2n=OT2

nHl N: _HI

DH2n=DH2

AMFX( |NUM):AM2

Gn TP lqO

TURR INF

iTUDB = ITtlP B+I

EN=TURBD (2, ITURB)

DHDTT=C P_'.PO.N(8, T )

DH5DH4=C_M¢_ON(g, I )

DMTDI =TURBD(B, TTURB)

I PRVN=TURRD( 4, | TUP8)

DM54=TUO BD(5, ITUqR)

UST= TUg BD (0, I TUPB)

IHIPl. O: TURBB( 7, ITURr_ )

F4=TUPBD(8, ITLIP I_ )

AKV=TURBDIg,ITLJR_R)

^LPMD=TUP_n(IO, ITURP)

AKC =TUP BF) |l l, ITUR_ )

DF/_C T=TUPF_D ( ] 2, I TURB)

AKW=TURmP( 13, ITUPR_ I

A X=TURBF)[ 14, ITURB }

VR=TUR_DI 15,1TilR_ )

nl=DHl

D TI F =ANS | [ DP.VN,2)

Dt2F=ANS ( IDRVN, 4)

DIO=ANSI IUP,?)

CALL TURB (AMI,PTI,TTI,F4,C, AMI ,CPl,RI,AM2,PT2,TT2, r_H54,WAI, AtPHF_,I!
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C

17C

C

180
lqO

2OO

210

22O

IST, FN, AKC.,AKV, DFACT, IHl .nLn, F)'_TPl, 01n,Ol,n TIF,F_T.?r, IHIIP,,r)H_TT, PH_H

24,AKW,AX,DTI,r)T2,DHI,.nH2,AL,WT,VR, ISI)
DT In= {')T1

nT2n=r)T 2

DHIO=DHI

DH2r_= _f]H2

APIN( INU_)=AMI

AMFX( INtlV)=AM2

GO TO lq0
DUCT

InUC T=I DUCT+I

INTR=DUCTr_[2, Ir}UCT)

WqAD=DUCTD(_, IF)UCT)

IACnUS=F_UCT.n(4, IDUr.T)

WOAAW= DUCTD( 5, IDUCT)

WOAASP=DUCTr_(6, IDUCT)

ALSPL=DUC Tp( 7, IDUCT)

NSPL=DUCTD(Q, Ir)IJCTI
Ax=r)ucTn (q, IDUCT)

NW=DUC TD (I0, IF)IICT)
VBE_F=DUCTr)(!I, IDtJCT)

A LOH=DUC TD (12, I.r)UCT)

DNIDTI=CnMpn_(R,I )

DHPnHI=COMPO_I{O, l)

IF (ILNGTH. FQ.O) AL=CqMPqN(II,I)

CALl. DUCT (PTI,PT2,TT1,TT2tWA[,WA2tAMI,AM2,GAqI,GAM2,RI,R2,1HUr_,DH

12DHI,WnAD, IACnUS, Wr)AAWtWC)AASP,At.SPL,NSPL, INTR, _!IDTI,K,W,AX,VBE.=C,A
2t r_H,DTI,DT2,DHI ,DH? ,AL, WT, ISI )
DTIn=DTI

DT20=OT2

DHIrI=r_H I
DH2n=DH2

ALD=O,O

IF (|_TP .EO.2| ITYPE=9

GO TO IO0
F_UCT BUPN__R

COK_vINUF

A_(INU_,2)=I]TlO

AkIS(I NU u,3) =_TI

Ah'S(INUM, 4) =r)T2.n.

A_S (INtiS,5 )=r)T2

AN_( INUN ,6) --DHI n

A_S(INUM, 7)=DHI
A_'S(INUM,8 ):r)H2 P

ANS( INU_, g)--DH2
ANS(INU _,IO)=AL

AK'S{ INUP,I I )=WT

A_,PS(INU_, 12) =ALP

Gn TO (200,210,220,240, 250, 260,270,280,2q0),ITYP, =
WRIT_ (6,360)

Gn rn 300

WPIT_ (6,__70)

c,n TO 30C

IF [IVAP.EO.I) GO Tn 230
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i

!

WRITE (6,32C) IF

c,n TO 300

230 WPITF {6,390| IF

GO TO 300

2.40 WRITE (6,400) IC

GO TO 300

2.5.0 WRITE (6,410)
GO TO 300

260 WRITE (6,420) IB

GO TO 300

270 WRITE (6,430) ITUR_

GO TO 300

280 WRI TE (6,440) IDUt'T

GO Tn 300

2_90 WRITE (6,450|

300 WRITE (6,460) PTI,TTI,WAI,AM1

WPITE (6,470) PT2, TT2,WA2, AM2

IF {ITYPE.NF.5) GO TO 310

WQITE {6,480} PTIn,TTIC',WAIO,A_IO

WRITE (6,490) PT20, TT20,wA20,A_'2r)

310 WRITE (6,500) F)HI,OTI,DH2,F)T2,AL

IF (ITYPF._'F.5) GO T9 320

WRITE (6,510) nHlfl,r)Tlr_,OH20,OT20

320 WRI TF { 6,520) WT

IF (I.LT.NCnMP) GO vq I0

WTOT=O.O

DP 330 IW=I,NCOPP

B30 WTOT=WTOT+A_'S ( IW, l 1 )

C Cn_._TROLS, ACCF_SORIES, BEARINCS,

WACC=ACC

WTC_T=WTn T+WACC

WPITE (6,530) WTO1

IF (I._T.O) GO TC I0
335 STriP

C

340 F _R'_AT

350 FOR'_ AT

B&O FORe'AT

370 FOPMAT

BSO _OPVAT

3qO FFIRUAT

400 FnR_A T

410 _OR_AT

420 F ORUAT

4_0 FF_PPAT

440 FQP_AT

450 FnRMAT

460 CARMAT

IF4.2)

470 FO_UAT

IF4.?)

4,_C FF_p'_AT

1_:4.?)

FOP_AT

(13A6)

( INK, 13'_6)

(IHK,5OX, 12HEN(,INE FACE)

( IHK,5OX,I OHAUX INLET)

( IHJ, 2c}X, 3HEAN, 2X, I 2)

(l_qJ,2O× ,IOHSPLIT FAN,PX, 12)

(IHJ,29X,IOHCO_PPESSOR,2X,12)

(IHJ,2QX,5HVALVF)

(IHJ,29X,gHCOMRUSTOR,2X,12)

( IHJ, 2c)X, ?HTIJRR [NE ,2X, 12)

( IHJ, 20X, 4HO'.JCT, 2X, 12 )

{IHJ,2'_X,I2HOUCT B_JRUER)

( IHK,3X, SH_T[ =FS.2,4X,SHTTI

1UBE, ENGI_F SIZES 800 TO tlO0

490

=FT.2,4X,SHWAI =FT.2,4X,4Hu I =

(IHK,3X,5HPT2 =FS.2,4X,=HTT2 =F?.2,4X,SHWA2 =F't.2,4X_4H_2 =

( I HK ,3X ,_ HPT lO=== .2,4X, 5_4TT In= F7.2, 4X, 5HWA IP= FT. 2,4X, 4H_'l O-

(IHK,3X, 5HPT2Q=FS.2,4X, 5HTTp,r)=F?.2,4X,SHWAPO=F?.2,4X,4N_20=
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7_i

500

510

520

530

"FOR _ I

10

2O

30

IF 4° 2)

FF_R_AT (IHF,3X,5HDHI =PS.?,4X,5HOTI =FT.2,4X,SH_H2 =P7.2,4X,5Hr_T?
l=Fl,.2, _X, 7HL ENGT H= r5,2 )

Ff_P_A T ( IHK,'_X, 5HDHI_--F5.2,4X ,SHOT! r=F7.? ,4X,SHCF2. f'=F7.2,4X, 5 H["T2C1
I= F4.2 )

FORMAT (IHK,3X,IgHCCMP_ENT WEIGHT =F?.2)
FORUAT ( IHK,3X,2INBARE E_,,SINE WEIGHT=FR._)
EN n

S FA NN tE _IGWT. F ANP,I

SUPROUT INF_ CAn, (Pl,P2,TI,T2,WI,W2,A_AI,AMAIO,aI_,P2m,TIFI,T2rI,AX,WI

IC_vW20 tR, PC,_A_, GAMFI,C P, Cpn, DHCH, r)HnT ,VR,V Rn, IV t_!StARR, ARS, SR, SS, S I

2C,{IT, IHU_,DTI,r)HI,OI"2,r_H2,AMA2,r_TIn,DHI_,DT2n,DH2fI,aM2rI,AIP,WFA_,,A
)KW,ISI)
C,=39.2

PF_CT=2116.0

lr (ISI,FO.CI GO Tn I0

C,=I. 0

P FA CT= I•0
IT=O

W=WI

GA=GAM

A_A=AMAI

A_'P--AMA2

TA=TI
RF=R

PA=Pl

VmV=VR
PI_:P2

TB=T?

DHH:DHnH

DHT=O .5

IF (IHIIB.EO.O.OR. IHUB.FQ.2) DHT=I.O/DHnT

F IA: I, O+(GA- I. 0 )wwA'_A_,w2/2,0

F2A=PIA,_*((C,A÷I.O)/{2.0,_(GA-I.G)))

F 3A= SQR T(RF* TA/(G_,GA) )

AA=W*F2A_,F3A/(P FACT*P_,_AMA )
IF {VOV.EQ.O.O) Gfl Tn ]0

VA=A MA'WSQR T (G_G A_RF*TA/F 1A;

V _= VA*VOV

A_P SO--VB**21 (C,*¢^,_RF_T B-{GA-I .0 }12.9w_VB_2 )
A_P= SQRT (AM.nSO)

A _BS O=A MBWWw_2

F 1B= I.O÷ (GA-I. O) ,_A_F_SQI2 .0

F2O=FIB*,_((GA+I.O)/(2.0w,(r,A-I.C)))

F3B=SQRT(RF,Tf)/IG,GA))

_B=W_-F 2B_: ?B I( PFAC T,_PB_ A MB )
FIHA=SQRT|AA/(.TBS,W(DHT,DHT_I.O)))

I_ ([HUB.FO.I.OR.IHUB.FO.3.AND.IT.FO.O) rIHA=DHI
D T/_= SQR T(DHA,WD-I A+AA/. 785)
PH_=r)HA*DHH

TP (IHUB.PO.2.0P. IHUB._O.3.A_:D.I'r.FQ.O) DHB=DH2
DTB=SqRT (AB/. 785+DH_,W_,2 )
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p

L

_i!

z,O

5O

C

60

IF (TF.FO.I)

r_TI=F_ TA

nHI=DH&

q T2 =l_TB

nH2=_.HR

DTI n=DTI

DHln:OHI

nT2 n= nT 2

p_2n=r)H?

AM2q=A_,A 2

nqUT I =F)T 1

_I_'I=DHI

nCIUT 2= DT 2

_. I _'2 = r)N2

IF ( f V.EC_. O)

IF (If. Fn.t)

W=WI n

r-A=G_ MO

A-/_= Au/_ In

AMp=Au2Q

TA=TIn

R==Rn

PA=DI (q,

vov=vqn

T Q=T20

PR=P20

DHT=nTA/P._A

_r)HP= r)Tr_lnT _

IT=I

CO TO PO

[')r1Q= qTA

OT2n= _r)TR

OH ln=r)_4A

DH2 n= DHB

DmUT t = _nTtO

13PIIT2=DT20
F e_: L E_' G T H

C,O Tn 40

BFt r_T= P,CILIT2-,mnU T !

O EI.DH=D I_,,2-n INI

AI=t .0

ANS:NS

ALF=O.O

_KS= I .0

D T=D OUT I

DH=m, I_l

0 r" 70 I:l,_'S

D TI_E X T=n roUT| +De: LDT* a T/ AI_IS
DH_IE ×T:r) IN i +Prt DHx_A! IA_JS

nT AV= {r)T+r)TNF×T )/2.0

DtJAV: {13H+DH_,'F XT) t2.0

DTAVD: (mT÷PTAV) 12.O

DHAVO= (F)H÷ P_4AV )/2.0

CXR=. 5_{DTAVg-qHAVR)/ARP



F

70
C

PT AVS= ( r_Tk FXT ÷nT AV )/2.0

F_H/_V S= (DI4_r XT÷r_HAV| /2 .0

CXS =.5.{ r_TAV._-rIHAVS)/A_ S

_LF=CXR* II .0÷^_ S,S" )*C× F;',-AL _

AKS=O.O

&I=AI÷I .0

DT=OT_FXT

DH=nHNF XT

FA M _4F IC, HT

SIr, P=(SIG/1.2q)*_0._
U_=( UT/I I_0. O.)*_:O. 3

r)OOW= (0 .S*( r_OUT 1 +r),ntrT 2) )**AX

WFAhi:AKW*AhS* S I CR*UR*DPOW/( AP _**0 .R )

R PTIJON

E r,!r,

"FOR, IS CPMDI,PhlC_wT.rn"Pl

SllnPOUTIH¢ C(3_'P (Pl,P2,TI,T2,WI,W2, AMA, R,oA,CP,APR,APS,UT,DHODT,_H

[O{]H, V_ , pp tAKW,A _!CM ,I HI.JF , AX , r)T] ,DHI , RT2, F_H?, _M2 , ALC, N C(3MP, IS I )

G=32.2

PFACT=2[ l&.O

[P (ISI.FQ.O) ?;n Tq 13

G= 1 .0

PFACT=I .0

10 GAG=G*r,A

G AU=C, A-I. 0

2O

3O

40

C

F IA=I.O÷C, AU*AMA**2.0/2. 0

F2A=Pl A** (GAT/( 2.0*C.Atl ) )

F 3A=SOPT (R'T1 It,At,)

A l=W l_C 2A*F 3A/( PF^£ T=P I*_A )

IF (VP.FO.C.O) C,n TO 20

VI=AV&*SORT(C, AC,*O*TI/FI A)

V2=VI*VP

ClR=l .0+

F?P=PI_*

F3o=S ORT

A2=AI*Pl

IF ( IHUR

DHT=I .0/

nHI:SQRT

DTI=SO_T

AuSO=V2**21 (C,A_*P*T?- .5 *G_U *V 2**2 )

A u2= £OR T( AN £q)

A_SO= A'_2,.2

r_AU*A_S g12. ]

*{GAT/( 2. C*C,AUI )

(P*T2/CAC,)

*A_A*F3R*P2A/ (P2*&u2_r?A*F2B)

.EO.I._P.lUU_.FO._) GO Tn _0

P HF_nT

( al /(. 785* (hilTs*2-1 .O ) ))

(D_I*m2+A I/.7R=; )

IF (IHU_.Fn.2.nR.IHUR.CO._) GO Tn 40

OH2= O H 1 *r')HPl'_H

OT2=SO_T(A2/.7£5÷r_H2**2)
COuPRPSSq_ ! F _GT_t

DMI=( r)Tl+OHl)/?.O

r_2= ( nT2÷r)H2)/P .0

PRPS= I. O÷ I UT/1530.0-. O0065_*PP** I .8-.374) *(. 8,C_2/DM I÷. 2)

ANr= At nr, (t)R )/hL nO, (ORP S )

3q



C

IF (AN('_.C,T.O.01 AkC=_,C_

ArC F)_=. ?÷A_'C'_(. 234-. 218'_nHr_rl T )

ALC_=.2 ÷.OP 1 *M,'C

ALe =ALC.nM*DMI

CF'M PR FS sr_P WF IGHT

D_'AV= ( n u! ÷D_42 )12.0

WCP'4P=AKW_,n_AV*.,_AX=ANC**I.Z,(UT/IIOO.O)x(,.3,([ .O+_I CnM/ALCR)

RETURN

F_'N

"FOR, IS

lO

2O

3C

C

40

CF)_ Rn, F_ C,WT ,£,q_J,nn

SUmVmUTIN_ CnuB (PI,P2,TI,T2,WI,W2,VRFF,VR,AMI,GAI,GA2,RI,P2,1"_(!_,

IDH2nHI,ALRPH,AKLV,D_43r)T_ ,AX,qTI,DT2,DNI,DH2,AM_,AL,WR, IS!)
G=3P .Z

PPACT=?I ]6.0

IF (ISI.FQ.O) ._n Tq I0

G=I .0

PPACT=I .0

ICOM=O

GA: C,AI

V=AMI*SORT (C.AI*C*RI*T I/ (I .3 +0._* (C,A I-I.0) *_ i*,2 ))

P=Pl

T=TI

W=WI

P=RI

GAG= G*GA

C,AT=GA+I .,3

c_AIJ=G A - l •0

A_,SO=V_,*2/( C,AC_*o W_T-, R w_CAlj,_VX_W_2|

AM=SORT( Au¢ g)

F I= I .O+OA H,_A _** 2/2.0

F2=F [ *_,( C._T/ (2.0*GAll))

F 3=SQP I"(R_ T / C.AC,)

A=W*F2*F_/(PFACT*P_,A_)

! F ( IC f3M . Fn. I ) On Tm SO

I ('C*A=1

A I=A

C__=GA2

V=V*VR

P=P2

T---T 2
W=W2

R=o2

GO Tm 20

AZ=A

AM?=A_

PIA_'ETFPS

IF (IHU_.En.I.r_p. IHUB._n.-_) C,R Tn 40

P_T= I. C'/DH 3D T3

nHI=SQPTJAI/(.78_.(r)HT,_*2- 1.0) ))

DTI =ROPT ( A! / .7_ _ +nil! '_'2 )

F)H2 = DHI • r)l-I2D H I

5



=

F

i;
i

50

C

C

DT2= SQR T( A2/. 7 RS÷PN."**2 )

l E_'GT H

n_'l =( DTI÷F)HI )12 .O

DM2=(9T2+0_2) 12.0

DMAV =(I_M|+D_2)I2.0

AL=ALBnH* WIe TI * PI/(_. I4 _VR FF* P['_P_'AV_'2115.0 )

WE TC,HT

WR=AKtV,_DMAV,_AXe(/_LRnH/3.2)_w_.m

RFTIIRN

F_,D

"FOP, IS TURR I ,FD_GWT.T!IRRI

SUP_nLITIK'E TII_ (V'_X4,P4PSO,T4,F4,GAM_A4, CP4,P4,VMXS,P_PSO,TS,F)_5_

|,WE,ALPHD_IIST,PN,AKC,AKV,D _ACT, IHIF_l n,9_TfI|,DIN, D|,r)TIF,F_T2_, T_ITR,

2D_DTT,D_5F)H4,AKW,_X,D4T,DST,D4H,F_SH,AL,WTUPR,VP, ISI)

_!A_FLIST / C_UT3/AL,_Hr),UST,C)HS4,FK,,AKC,D-TnI,DIP,DI,WC,T4,AKV,CurGA

I, AKVI, St)V, F Z,,Dr ACT, P4 PSO ,F_II5D_G , IHI f'L(_,DT I _, DT 2F

C

C

C

C

C

C

C

10

k,A_'El I ST /

NAUrL IST I

NAM_LI ST I

_KV=O.O

AKV=O -I .()

AKV=2.0

PIJT4/U, ur/%L

F_tJT_I[TAT I, P4,T_,TS/+,VM4,VMV4, V#,, VX, AF4

PLIT6/PSPSO,TS,T_5,VM_,VMX5,VS, A6

_'D EX IT V_!E

I_'PULSF FXIT STP A IC,HT ING VAK_E

DIFF LISI NC, FXIT STPAIC, H TI NG VZ_!E

F IPST=I Fpo _IIGH TIJR B, ) FF'R LOW TURB

UST= AVFRAGF Tin RPEED

Ir (ISI._Q.(.) Gn Tn 10

P4P SO=P4P SO/I0} _26.0

T4=l. PJ'_T 4
C P4=C P4141R2.

P _=. ].Sh'_R 4

P5 P_;0-- r'5 PSO/10132 5.0

T_;= ].. R* r5
DH54=DH5412_24. O

WC=WCI.4_4

F =. 304_

UST=USTIF

Pl o=nl CVr

D I=D 1 IF

DT IF= DT 1 FIF

_T2 F= nT 2 P/r

4H=r) 4_/F

DSH= r)SHl r

PlC=3.14

Z/:.OIOR

RA=53 ._5

PSIP=I.73

AJ=778.0

G=32.2

I U=I

FI_ST=I.C,

IF (THIOLn. FO..')} _IDST=O.O

n_ DP T VP,' CQMPQ_,FNT



20

C

C

3G

_C

RP_= 12G. O*i_ST/( Pl F'_(DTIF+qT?F I )

Ll=US T

A t P_4A = A L PI--IP.lF,7.29_78

IF (VR.qT.O.O) C,P To 20

PSP4=PSPSO/P4PSO

VN4=VqY4

V_5=V_4X5 -

G n T q QO

A uP,AP =ll_ U/c_/A J/NHF,4

A'_RDA= A_'oAP _FN

CALC!ILA'rF VF:LnC ITV DIAGOA '_

A_F_P=(A_.r)A÷I.) /2.

A_.'P,I_:( AU BDA-].. )/2.

l')Vti=LI/._,MftOA

V X=ID VtJ,WA_.4pP/TAN( ALPHA )

VlJl : r_vu_Au_P

VIJ2:DVU_A_ u

V4=SQRT(VY_VX+VUI'WWJI)

V5=SORT (VX,WVX+VU2_Wf2

BETA t:ATA*'I2 (-VU2 ,VX1_57.79578

V XU= V X/IJ

FIIUD FI#ST STAGF FF_ICIF_!CY

FRO=2.

IF (AM A_A.(",T.I.) A,_P,r)A=)...)

C AY C=AKC

r) tVT=F1 NITD 1'_ P I

RF:wC/DMT/V!SC(T4)_2.

FX Pt?:O. l

C A:C A YC'_ (I • 5E÷6 )-.*_'(r x r_n-. 2 l/p E_.'_F X PO'_T Af,,(ALPHA l

FST= I.O

ASSI.INtE VXO=VXt AND VllO=O

A_BP=(A_BnA+[.) /2.

At,4PPSO=AM.RP,_AMRP

A#pu= {A_qBqA -I .)/2.

A _B _'SQ= A _4B_',_A*'_,t4

CnTSP=?./TA _'l _.Lr-'HA)/TA_"(ALPHA)÷I.

C X:AuRPSn*C_TS o

D=A N'_P SO*C C_TSP+ A _B_SO

AA=CA*( _ S T,CX +FR r?,l,rt)

I:TAA=AMRr)A/( A'AP,DA÷AA/2. )

B=CA'_Av V,_(2.-A_4nDA) *VS'_ V'5/_r')vu/F'VU

IF (_k'V.GT.t.O) B=O.

IF (cN.{".T.I..) r,O T r" 30

F.TABAR=AI_BDA/(A_ADA+°_'_(AA÷R))

GI2 T r_ 40

CALCULATE I_'TERUFr)IATE Alur')LAST STAGE' r--cFICIENCII=S

F ST: 2.- A_ _,DA

C X= A,_R C,£Chic r_TS o +AM R_4S 0

A=C A'_(F ST'_C X+cRO*n )

FT AT I=AUBDA/( A'qPDA+A/2. )

FTAL=M'BnA/(AM_,DA+.=,W_(A+R))

_A=t.+C:IPST

ETAP,_P=F_'/(FIRST/F_TAA÷(FIv-qA) /FTATI*[./FTAt |

_TATI=FTh,3AP

q-/



5G

6O

7O

8C

gC

100
110

120

130

H_C=POLYf T4, I)+F4*P'_IYI T4, 4)

T 5= T4-r)H 54/. 24

_r_ 50 1=1,20

El T= (HSS-POLV (T5 ,l )--P4'_PPI Y [T5,4 ) )/( POkY (TS, 3 } ÷F4 cPr)LY (T 5, 6} }
T 5=T 5÷r_T

IF (ABS(PT)-.I) 00,50,50

C O_T ! MtJE

Pm]'4=P?LY( T4t 2)+F4+POLY(T4,5)

n4=PA+F4*OS tP

r_H541 =OH 54/F TAT[

HSG [= H4G-_W_4 T

TSI=T5

Do 70 [=1,20.

OT=(H5GI-Pnl Y(TS[, I)-F4_POLY(TS[, 4) ) /(nnLY(TS[ ,_)+F4_pr?LYITS| ,At )
TSI=T5 I÷r't

I_ (ABS(_T)-.I) 80,70,7C

cn_r INll E

NP_'I S4=POLY (TSI ,2 } +_4,_PCLY (T_ [,5 |-PP|4

P 5P4=EXP(AJ*_PH154/_4)

Co4=PnlY (T4,-]) *F&*oOLY (T4,6)

A_uA4= I, I (l. -R4/AJ/C P4 )

TS4= T 4-V 4"V4/( 2 .*G",'AJ*C P4)

VM_=V4/SnRT(GA_MA4_r,_4*TS4)

VM X4= VX/SOP. T( C,A MMA4* G* R4* T $4 )
GO4=. 5"( GAM"A4÷ l .0 11( GA M_'A4- I • O)

WO_:(I.O÷(GAMMA4-1.3) _O.5*VM4_V_'4I**GF4

TWO= SQR T (CA PMh 4,C,/R4)

P4=P4PSO*2110.

AF/,=WC_xSOPT(T4) cWON/ (P4_TWq*vMx4)

IF (IHUP._Q.I.nR.INUF_.EO._) nn Tn ICO

DHT=I .O/_HnTT

D4H=SORT(AF4/(.785_(_HT,¢2-L.O)) )

GO TO I I 0

_r'4H= D4H# OMT Pl

n4T=SORT(AF4/.7_5÷r)4H,¢?I

HTP4= DkH/T]4T

DSPSO=P4 PSOe PR _4

CPS=POL Y( T_, 3)÷F4_DQIY( T5,5 )

GAPMAS=I.OI(I.O-P4/SJ/COS)

CF2=O._*(GA_MAS+I.O|/ (C,A_uAS-I.O)

GF3=( GA_'_A 5- I. ) /GA_"xA 5
GFF= ( GAmmA5-1. )/2.

I_ (V_.En.O.O) r,O Tn 120

TSS=TS-VS*VS/( P.*C*AJ'_C PS)

VMXS=VX/SO_T (C,A_u AS_Gw_R 4,_TS5 )

W'_z,=V5 / S 3R T (GAMUA4* G* R4* T _ )

VM_=VSI SOP T( GAMMA 5_G*_ 4"TS5 )

¢2 = ( 1 .0÷ (GA_"MA'_-I .0 )*._ *V'_ 5_V M=;) **Go2

F 3= gOR T( P4_' TS/( C,e,.'.,A uM^5 ) )

AS=WC*F2*F3/( 2t 16.0*P 5P SO_,vmx5)

IF (IHUB._Q.2.0R.IHUR.FQ.'_) C_P TO 130

PSH=PkU*OHSPH4

D_T=SORT I A5/.TQ _j÷.r)5H_r] 5H }

38



F

140

IsO

C

160

£

17C

C

£

DTAV=( D4T÷PST)/2.O

DH/W=!D4H÷P,_H)/?.O
IF (VR.FO.O.O) £,_ Tn 170

tJC_L=RPM*PIF*f)TAV/SO.O

IF (APS(!lCAl/ul-l.O).l T,O,O1)
I U=! U+I

[P (llJ.qT.20) %n Tn 14C
II =U C A I_

qn Tn 20

WRITe (6, 1901

l,'_lT E {6, OilV4 }

H TR 5=DSH/n5 T

HTI_V = (HTP44-HTR_) /?.0

IHINLO 0 FqP LOW PRESS

IF (IHIDIq.FQ.O) r,F? TO 160

6=10.44

n=-lO.O

c=_ .45

D=-5.97
on TP 170

A=13.36

B=-II .78

C=IO. q5

r_=-lO.Q

R rlTOR AVFRAGF ASPECT

ARRAV=A+P_HTRAV
p AT IP

qn Tn 150

TLI_BTNE, l FOp HIGH

A_'D CH_Pr)

£X°AV: (PTAV-P_AV)/(..P.O*APR_V)

STATqR AVERAqE AS PFCT P,AT IF_

AR SA V='] ÷D'WHTRAV

C,XSAV=(DT,_V-DHAV)/(2.0.A_$AV)

S TAV--. 4*£XRAV

L F K,qTH

AI=FN* (CXRAV+CX S AV )+( 2 °O*E',I- I .0)'_ STA V

DMAV=. 5* (DTAV÷DMAV)

ll_:=UCAL*nMAVIDTAV

WTUP B= AKW* DMAV** ^Y*EN,UU**, 6

81r'=ABS(_4N+n4T-DI-Dln) /I,4

IF (ISI.FO.O) GO Tn I_O

P4PSO=P4 _SO*IOI _25.0

T4=T4/I. P

CP4=CP4*4[Q2.8

_4=R4/.lq6

P 5P SO=P5D _0" Inl :_25.0

TS=TS/I .8

PH54:2 _24.0'_ OH5 4
WC=.454*WC

IIST=F*IIST

n lp=r,r_ I P

0 l=¢*r_l

r_T1F=F*nT 1F

DT2F=F*_T2F
D4H= F _'D4H

DZ.T=F_4T

A_'_D CHnRF_

PRFSS TU_B

.......................... _q



IR0

C

190

[_5T =F*D5T

AE=F*-AL

WTIJRR =. 454*WTURF_

C O_T INU F

RFTURN

FOPPAT ( I.HK,SX, IqH_PEF, r) N")T MATCHED|

F Nn

"Fr'p, lS

I0

2O

VALVI,Ff,_GWT.VAtVI

SIE-ROUTI_'E VALV (PI,P2,TI,T2,Wt,W2,AMAI,_AI_,plctp2n,TIn,T2_,WIO,

IN_r',R,R'_tGA_',CA_'n,CPtCPO,&KW,IHUa,nH6PT6,f]NTDHO,_X_DTI,F)NI,OT2,PH2

2,A_A2,nT!q,nH|n, nT2n,r)H2P,A_2n,AtV,WVALV, IS| |

G ='_?. 2

PcArT=2116.0

[r (ISl._ro.c) C,n Tr' I0

C,= I. 0

PF/_CT= 1.0

[T=C'

W:WI

GA=GAM

A_=AMAI

.TA:TI

W _=W2
P,_:R

PA=Pl

PB=P2

TR:T?

I V=l

_HT=O. =;

r)H_:PH[

DHB= _r]H2

[_ (IHUB.EO.O.qg.INUn.En.2) PHT=I.O/OH_F_T5

A_'P=AMA2

F I/_=1 • 0,_(r,A-I. ,3)* AuA_,,2/2.0

F2_:FI_**(ICA+I.O)I(2.0*(GA-I.0)|)

F3_=(;QRT ( RI:e-TA/ (G*,r,A))

A A= We-F 2A'_ P 3A/( PFAC T_,P A,*.A uA)

/_"PS O= A_ °*A"B

F | B=I .O÷ (GA-I .0 )*M_BSQ/2.0

r2P=FI_**.((GA÷I.O)/(2.0.(r,A_I.O!) )

F3P: SOP, T (R F*TB/( G*_'_,a) )

A B:WR* F2 P.*F3 _/ (PF ACT ,wPB*A_B )

IF { IHIJR.EO.O.'_P.INUB.EO.?.Ah, n. IT.FO.O)

II,O)|)

I')TA=SQRT ( A_/.78 _+[3HA,k*2 }

IF (IHU_.FO.O.nR.IqUn. EO.I.A_,n. IT.FC.O)

DTP=SORT (AB/.7_5+OH_**2 }

IF flT._O.I| on, T r' 30
.P.TI:PTA

flH] =DHA

DT2=DTB

rIH2= DHq

F')HA:SORT(AAI(.785,{DHT.R-2-

r)Hq= P.HA* _HTDH6

q-O



3O

40

5O

A_A2=AMR

nTIn=OTI

r]Hl ,q=r)HI

P T2r_= DT2

nH2n= OHm_

Av2n=AUA2
TF (TV. Eo.O) c,n Tn 50

T_: (Ir. FO.l} GO Tn 40
W=WI 0

WB=W20

GA=GAMq

APA=AMAI

A_P=AM2P

T ^=Tin

RF=Rn

PA=PIF!

TB=T2f]

PR=P2q

oH_=DT1
F)HB=']T 2

IT=I

GO Tr' 20

r)Tlr_= DTA

DT20=nTR

F)H IO=F)HA

nH2n: DHQ

IVl=O

nTnA=OTln

nile A= DHIn

DTB=rTT2

DHB=DH?

DTAV= I n rlO ÷r_T2n }12.0
PNAV={ n_l +PH2 }/2. O

DAV=((r)TAV+DHAV) /2.0) *_AX

ALV=4.5_' (DT lO-nPt ÷nT2n- OH2 ) / R.O

WVALV=AKW* Al V,_,n AV

R FTUR B'
E ND

"FF)R, IS DUCTI, _k'GwT.DUCT [

StJP_OtJTT_:E PtICT (Pl,P2,TI,T2,WI,W2,AMI, AM2,GAI,C, A2,RI,_2, TNUB,nH2, _

IH l, WOAD, IAC OUS, WOAAW, WnAhSP ,ALSPL, NSP[_, IK.ITR,01"+IOTI ,_+tW,AX ,VRFFF, AL n '
2H,DTI,nT2,[_ItnH2,AL,Wr), IS [)

IC p,+,=O

GA:GA I

P=Pl +

T=TI

W=WI

Q=P I

A Pa=AP'41
¢.=32.2

PFI_CT-- 2 1 16.0.

I_" (ISI.En.6} GO To 13

41



lO

2O
C

3O

5C
C

C

60

C

C

C
f-

70

c-= 1.0

PPACT=I .0

G Ar.=C,, r,A

GAT=GA+I.O

GAII=GA-[.O

F I= I. O+GAU*Au*: 2/2.0

F 2= F l** [GAT/( 3. C*G_U) )

F3:SQPT [ R,T/GAG )

_ =W*F2'_F 3/( PFAC T*P*A_.)

IF (ICn_.EO.I) r,O Tn 20

ICF'N=I

A l=A

GA=GA?

P=P2

T=T2

W=W2

Q=R2

A _=A u?

Gn Tn I0

A2=A

DIA_ETFRS

IF ([HUB.FQ. I.q_.I'4UB.EO.3) CO Tn

DHT=I ,O/DHInT l

DHI=SQRT{AI/(.785*(D04T*_2-[ .0) ))

PT1= SORI (At/. 785+DHI*'2 )

3C

IF (IHUP..C:O.2.n#.IHUB.EO.3) GP TO_, 40

DH2=DH I*DH2OH1

nT2= SORT ( A2/. 785÷nH2..2 l

IF (I_!TR.LT.2) Gn TO 50

DUCT BURNER WFIGHT

W D=W{']An, ({ F)Tl+qT 2÷DHI÷DH2)/4. O) **AX

AAV=. 3925_ ( F)T 1 * *2 ,o-nT 2 ,w, 2-,r) H 1 ** 2- DH2 '_'2 )

A L= O. 5*A lnH* (O T I-DT2) ÷VBEP_/AAV

Gn Tn gO

I_ (INTP. EQ.O) r,o Tn 60

I_ITER',JFD IATE C A SI_,W,

WO=WO Anm Al * ( (PHI ÷nN2 )/2.0+0.72)

G wF IGHT

) F_T AV= ( DH l÷_H2 +OT I ÷PT 2)/2.0

) DTAV={ONI÷DHP)/2.0

| DTAV=( D,T t÷OT2)/2.0

AX

_knh r)

,r,O TO 90

DUCT CAS I_'

IF I_'W. EO.O

I_: Ik_W. FO. I

IF ("'W. _0.2

PTAV=OTAV'_*

WD=OTAV*AI'W

QLICT WALl ACOUSTIC L I_'I_'_G

I F (IACOUS.FO.O) nn Tn 70

DHAV=(nHI+DH2)I2.0

WWAC=3.14*AI*WOAAW'_(DTAV÷r)HAV )

WD=WO÷WWAC

SPLITTER RINGS

IP (f"SPL.EO.O) r,O
ANSP=N£Ol

TO 90

42



8O

qO

[1FLn 1=( DTl-r'Nl I IIANSP+I.OI

DFLn2=(DT2-DH2|/(A_vSP÷I.O)
nT_=DTI

I') TI_ =D T2

DT_V=O .0

no RO I--! ,NSPL

D TA=DTA-DEI n I

DTP=DT _-F_FLP2

r_T_V= (_TA÷nTR)/2.0÷r)T AV

W SPL :3.14*A t*A L S PI_*W_A A SP, F)T_ V

W_=wD÷wS Pl

C Or,_TI NUt

RETtIPN ,,
F_ND

"FOR, IS TPXNS,ENC, WT.TRXNS

SUPPOIIT I_'F_ TRAK!q

DIME_JSIOKI PTIr'(25), P

15), AMI_JP,(25), A",F_X(25| ,

225), CPIN(2_), CPIK!P(2R)

3_), WAINn(25), WACXn(25)

4FX(2S|, rpFX9(25), TT=X(

CO_FAr}_.I /THrP/ PTI_',PT_X,

IC,AM IN, r_6ME X,C, AMI _In,CAMF X

lO

2O

3O

TEX(?5), TTIN(?5), _AT_'(?5), WA_X(2B), A_I_ (2 _

GAMI_I(P_5), GAPFXI25), C,A_INrI(25), GAuFxn(

, PTI_'n(2R|, PTFX_(25), TTINO(?5), TTFXP(2

, RIN(_5), RFX(25), PINe.(25), REXP(25), r._

25), _,_'rxr?(25|, OCnMPN(?5|, PRqP(15)

TTIN,TTP_,_WAIN,WAEX,AMI_.,,ANINO,ANFX,A,_FXF},, !

n,CPl N,C Pl Nf', PTI_Iq, PT_Xr_,TT IN_,TT FXO, w^ INn

2, W_ FXO ,R IN, oEX, q INn, PEXn,C PF X, CP Fxr _,PTI ,_T2 ,TT I, TT2. W^I ,laA2 ,AWl, A'_'

32,CPI.CP2,RI,P2,GA._|,r, AU2,PTIC,,PT2O,TTI_,TT2r_,wAIFI,WA2O,A.lO,AM2n. t

4CPlq,CP2n,p lP, R2n,SA_Ln,C.A'42o,r'rn_ON,I_IU.,IS,JS,KS

nO TO (10,30,50,701, IS

IF (KS. GT.h) Grl Tr_ 20

PTIN ( Is_UM )=PTEX (j S)

TTIIN(IN_')=TT_X (JS)

WAIN(INU _")=WAFX(JS)

_,MI_ ( INU_ )= A_.EX (J S )

RI_'(INIJMI=_F_IJS )

c.A_IN(INU_I=GAuEX{ JS)

CPIM(INUM)=roFx(JS)

GO TP QO

PTI_"(IN[I_)=PTEXP(JS)

TT I_.'( T_"U_'_)=TTFX r_(JS )

WA IKt( INU_)-WA=V n(Jq)

A MI_(INU#) =6_FXn( JS}

q [_'(INLI_I=P, EXr)(JSI

CPIN(INU_)=rPEXF](.IS)

GO TF_ qO

IF (KS. GT.O) c,n Tm 40

PT I,_'_( INUM )=PTE X(JS)

TTINN( [NIIMI=TTEX (JS)

WAI _'n( IK'LIM)=WAE X (JS)

AK_INe ( INU'_ |=AMr X( J S)

R IF,n( INU_I=_FX (jS |

nA_I _'0( I NU_) =hA ME X(JS)

CPlK'Q( tNU _)=CPEX(JS)
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:Z_=

F

E

I0

2O

3O

4O

_0

6O

7C

80

90

2r- 13,6000. , l00. ,I • 14506 ,I. 49413F-_, -I .7c_ 31 F-_, I .39¢7_F-9,-5.8_14E

3-I_, l.OIS_F-16, 1400., 1.42038,4.437122E-4,-I.4F_91_F-7,3.4627F-II,_4

4.g13F-lg,2._.7F-lO,6000.,l)O.,.p_p32,-S._41m__F_5, 7.0682F-R,-2.0171 r

5-11,-5.1F-IA,ikOO.,.1861,R. O14RF-5,-2.3278F_8,3.41635F_12,_l.gRq¢_

(,16,6000., I00., 95 7.028,- I. 397247F- 2, 2.72 808 8E-4,- 7. F_74qO7E-8, I • I 311

784F-II,POOO.,qSq. O2Qq,2.4?lO58F-2,1.719R52c_4,_?.I3151F_8, 1.027056

8E-12, 6000,, I00.,-.224336,4. 847_8_-4,-7.19

03 4744F-I 5,2000., -4.0897& l, 5. 5046_ 7F-3,- 2.

_. 617_83F-14,6000. ,I00. •3.gR607F_E-2,3.55 2_

$-?063(_79, 1.764343F-4,-I.6RBI37E-8,6CO0. ,[

SE-I ,I .9220C._0E-2,-1 .136_F !l F-5,-g.8360873

$678_-13,61z.., 1946.1462,-8. 5195C8_,2.f22_I

$q6_ 7 F-R, -6 • 427 R53qC-I 3,-6. OA 204 IF- 1 6, 2003

,-31P. _0006 ,16.52F_ 7_5 ,-2o. 769562,5.6792n3

$4976, 123.43567,-174.32120,22. i_4326,-I0_.

,_o,2.31

J:IaRS(_)

K:ICC(J)

I =TnRDIJ )+2

Ic (X-CIK)) 20,30,30
K=K-L

On Tn 10

K=K+!

IF (X-CIVll 40,40,30

IF (_) 70,50,_0

L=L-I

PDLY=C{ K-l)

DO _0 N=2, l
KN=K-_

PqLY=POLY*X÷C(K_)

G n TO 90

L=L-2

PnLY=FLnAT(L}*={K-I)

DO _0 N=2,L
K N=K-N

L N=L-_'+ 1

PDI.Y=pr_LY_=X+FLr_AT (I _'}*C(KN)

RFTUPN

E _P

4546F-8 ,-4.31S008E-12, _ .l

446/,99_-6,4. 89q351F-I0,-3

65F-4,-6. 51282 1 E-B, 2000.,

00.,-62.6_5816,-6.9221I 96

E-8, 2o2458|96E- 10,- 1.4_ Oq

7_r-2 '-2.6543750F-5, 1.147

• , I. 4,415. 37102,58. 865753

8,53.206712, 1.933_4, 55_. P

70823 ,-43. 322374,82.03P34

"FOR,IS VT SCnS,F _C,

FU_CTI_'q Vl SC {

C _EVISFD 1210315

nIME_ SInN A(50)

DATA (V(J),J=l,

1389._,417.1,443

2655.3,676. _,697

386c .R, 887. _, O0 S

4. a,l OS_. O, I074°

TKELVN=T*5./g.

AIl)=lO0.

PO i0 _'!=2,50

WT.VT SCO_

T)

8

, V(50)

G0)173.8,136.0,IP5.2,227.2,254.7,299.2,331.3,361 .4,

•5,4Fq._,48_.I,518.7,_43.6,_67.0, _9.8,612.l,63_ c),

.0,717.3,737.3,757.0,776.5,705.6,814.5,833.2,851 .6,

.6,023.2,9z,0.6,o57.0,074.9,0qI. 8,1008.6,I02_.2,1C41

!,lOqO.2,1106.t,ll2!.O, llX7.r_,! I_3.1, I16R.5, llS_. e/

A (_)=hIm-!)+lOO.
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TABLE I. - TYPES OF COF!POHEHTS INCLUDED I tl THE PROGP, At!

Fan

Split fan(fiF, ure 2)

Corlpr es sot

_ain burner

Duct burner

Turbine

Inverting, va|ve(fi_ure 2)

Duct

I nterrle(ti ate casi nF,

t_oz z 1 f,

Controls, Accessor i es, Lubr i ¢ati on
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TABLE I1,- COMPONENT LENGTH AND tVEIGHT RELATIONS

_D

Component Equations Suggested values
for weight factor,K

Fan 173 (22)

Compressor

F!ain burner

Turhi ne

Duct

Duct burner

W=K CDTI,1)2.4N (0"/O-REF_ 0.3 eT/UTRFF ) 9.3/_X

L:_RxCI + SP/CRx) + CSx

_,;K(0,_)_.,(.)_. 2(UT/UT,E_)O.3ri+CLc/,,,_) "
- (Lc / DI'--_liR E_

L:7.2_(DH/DT) + (1. 81-2.17DH/PT) N- 5.6

,:KCD,_)2.0[CL,/,_)/3.2] 0

R _LB/H)'?IT1]L= ("a_/REFF )- F'll)ll

.5

W:K(pr_)2.5N(0)o. 6

_:.(C_x+ C.x). (2_I-I)SP

W=KDIIL

L=( LIH )ID

52 (7)

360 (74)

7.7 (0.42)

10.75 (2.2)
(each wall)

T12DH 11 + 2VREF F

_('DTI

Ig5 (31)



TABLE I I.- CONTINUED

Component

Valve

Intermediate

casing

rJozzle

Contro|ss

Accessories•

Lubri cation

Equations

W:KDML

L=(L/H)H M • L/H_4-5

K(_H + C)L

W=KDNL

L--DII('L/Dt,4)• L/DM=I.5-2.0

W=360-450Kr, (800-1000 lbm)

SugEes te(t values
for weight factor•K

front

rear

300-400(62-82)

600-700(123-143)

400 • C=0.22

(82 , C=0.72)

170 (35)

L.rl

C3



TABLE III,- PP,OGRA[_ If;PUT

1. General Input

Fortran Hame Descript ion

13A6 - title or comment
NCOHP- total number of components
SIZE - sizing factor; airflo_:/input airflow1

ACC - welgl_t of controlsoaccessories,lubrication

ISI - U-U.S. customary unlts;1-SI units
E_,gine Layout /_rray

I ter:l

4

b

7

8

9

10

li

- component sequence number
- component identification number
- hub diameter speciflcation

O- hub diarleter not _letermlned from other components
1- front hub diameter specified by a dimension of

another component
2- rear hub diameter specified by a dlmension of

anottJer component
3- front and rear hub diameters specified by

dimensions of other commonents
- sequence number of component determinin_ the front

hub diameter (item 3=1 or 3)
- identifies the dimension of the component of item /4

(see Table V for dimension identification numbers)
- sequence number of component determining the rear

hub diameter (item 3=2 or 3)
- identifies the dimension of the component of item 6
- front hub/tip diameter ratio (item 3=0 or 2)
- rear hub/front hub diameter ratio (item 3=0 or 1)
- the number of components determining, the length of

this component (0 if length ls calculated or specified)
- length (iterJ 10=0)

The followlng Items (12-19) are used when it Is desired to

define the entrance or exit thermodynamic properties hy

specifying upstream or do_mstrearl components,

1Z

15

14

- sequence number of upstream component connected to the
lnnerstream of this component

- defines which stream of item 12 If the upstream component
has 2 streams

0- inner stream
I- outer stream

- sequence number of the upstream component connected to
the outer stream of this corlponent

51



TAI]LE I I I.- COrJTII,IUED

_L

I tern Pescr i pt i on

15

IU -

17 -

i_

1J

20-3U-

defines which stream of item 14 if the upstream
component has Z streams
0- inner stream

1- outer stream

sequence number of the downstream component connected
to the inner stream of this component

defines which stream of item 16 if the downstrea::l
corll)onent has 2 streams

0- inner stream

1- outer stream

sequence num[)er of tt_e downstream co,_ponent connected
to the outer stream of this component
defines whictl stream of item 1 ° if the downstrra,q
cofqponent has Z streams

O- inner stream
1- outer stream

sequence numbers of the comr)onents {letermininx tt}e
len_tl_ of tt_is component (iterl 10>(!)

3. ,,Component; Defipition Arrays

Fan Array- Fortran name and dimension- FANP, (15,5)

Itern Descrintion

I

2

3

4
5

6

7

8

,j

10

11

1Z

13

- fan numher

- number of s taEes

- rotor blade axial aspect ratio

- stator l)la(le axial aspect ratio

- distance between rotor and stator blades (axial cl_ords)

- distance between stator and rotor hla,:les (axial cl_ords)

- blade solidity, I:_/m2 (lh;.i/ft2)
- average tip speed,m/sec (ft/sec)

- exit/entrance velocity ratio (inner stream for split
fans )

- exit/entrance velocity ratio of outer stream for split
fans

- indicates conventional or split fans
O- conventional
I- spl it

- weiEllt factor,K (table II )

- exponent of diameter in weight equation (table II)
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TAP, LE II I .- Cr_t,!TI"JUEI'I

_omDressor Array- Fortran name and dil_erlsion- COH.PI3_._.(IO, 5)

Itern Description

1

2

3

4
5

6

7

8

9

- compressor number

- number of s ta_es

- rotor Blade axial asnect ratio

- stator blade axial aspect ratio
- average tip speed,m/sec (ft/sec)

- exit/entrance velocity ratio

- pressure ratio

- weight factor,K (table II)

- exponent of diameter in wei_.ht equation (Tahle II )

t',ain Burner Array- Fortran name @pd :]imel3dion-l_IJRND (10.5)

Itern Descr iption

- burner numl_er

- length/height ratio

- exit/entrance velocity ratio
- reference veloci ty, m/sec (ft/sec)

- weight factor, K (Table II )

- exponent of diameter in _lel_ht equation (Table II )

Turbine Array- Fortran name and dimension- (TURBD (15.5)

Itern Descr ipti on

I0

ii

12

13

14
15

- turbine number

- number of s tap,es

- front huh diameter/diameter of the component sr_ecified

In item 4 of the EnEine I.ayout Array

- sequence number of the ,Iriven component

- work of the driven comDonent,,J/k_ (Btu/lhm)

- average tin speed of the driven component,m/src (ft/s_c)
- indicates hi_,h or low mressure turhine

O- low

I - h i F,h
- fuel/air ratio
- type of exit p;uide vanes

0- no exit _,uide vanes
O<item 9>2- impulse exit straightening, vanes
2 -diffusin_ exit strai_,htenin_ vanes

- stator exit an_le, de_.rees
- loss factor

- exit diffusin_ vanes D factor

- wei_l,t factor, K (Table I I)
- exponent of diameter in _ei_,ht equation (Table II)

- turbine matchin_ calculations

1- yes

O- no
53



TABLE I II.- CO_ITINUED

Duct Array- Fortran name and dir3enslon- (D_U.C.TD (15,20)

I tern r)escr i ntion

I - duct number

2 - type of corlponent
0- duct

I- intermediate casinx
2- duct burner

3 - weight factor,K (Table II )

4 - acoustic linin _,
G- no

1- yes

5 - acoustic Iininp; weip;ht per unit area, k._/m2 (Ibm/ft 2 )

6 - splitter rin_ _lei_ht per unit area, k,.%/m2 (lhm/ft2)
7 - ratio of splitter rin_ length to ,]uct lenxth

8 - number of splitter rin._s

J - exponent of diameter in wei_,ht equation (Table II )
1u - nurlber of walls ir.cluded in wei_l_t calculation

0- inner an(J outer walls

1- inner wall only

2- outer wall only

11 - duct burner effective volume, m3 (ft 3)

17 - duct burner pi lot lenxth/hei_l_t ratio

Valve ArrBy- Fgrl;;ran name _.qd ,Iirlension- VALVD (5,._)

Itern Description

- valve nurlher

- weight factor,K (Table II )

- exponent of diar1Pter in weight equation (Table II)

Component Tl_errlo(ly_narqic Array

Fortran name
& dimension

Description

PTIN(25)- entrance total pressure, N/m 2 (lh/ft2)
TTI N(25)- "

NAI N(25)- "

Afllfl(25)- "

GAHIN(25)- "

CPI U(25)- "

RIN (25)- "

PTEX(25)- exit

TTEX(25)- "

HAEX(25)- "

AHEX(25)- "

total temperature, K (oR)

cas flow rate, k_/sec (Ibm/sec)
Hach num.h er

ratio of specific heats

specific heat, J/kx K (Btu/lh_OR)

specific P;as const nt,J/L_ K'"(ft-lb/IbmOR)
total pressure, N/m _ (lh/ft 2)

total temperature, K (OR)

_as. flow rate, k_/sec (Ibm/sec)
tiach number

Sl] -



TABLE I I1.- CONTINUFID

Comoonen: Thermodvnami c Arrav(contl nued)

For tran name

& dimension

Description

GArIEX(25)- exit ratio of

CPEX(25) - " specific

REX (25)- " specific

specific heats

heat, J/ks K (Btu/Ibm(R)
_as cons rant, J/k_ f t- lh/IbmOR)

The followin_ are .for the outer stream of dual flow components

PTINO (25)- entrance total pressure, N/m 2 (lh/ft 2)
TTINO (25)- " total temperature, K (OR)

_JAINO (25)- " _as flow rate, k_/sec (Ibm/sec)
AHINO (25)- " Mach number

GAIIINO(25)- " ratio of specific heats

CPINO (25)- " specific heat, J/kg K (Btu/Ib_°R)

RINO (25)- " specific _as constant,d/k_ Km(ft-lb/.IbmOR)
PTEXO (25)- exit total pressure, N/m 2 (ll)/ft 2)

TTEXO (zS)- " total temperature, K (oR)

NAEXO (25)- " Gas flow rate, kT,/sec (Ibm/sec)
Ar_EXO (25)- " rlach number

GAHEXO(25)- " ratio of specific heats

CPEXO (25)- " specific heat, J/k_ K (Btu/lh OR)

REXO (25)- " specific _as constant, J/k_ Km(ft-lb/lhm°P,)

-L
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TABLE IV.- COMPONENT IDENTI FI CATI OtI NIJ/'_3EI:tS

Component

Fan
Compressor
Va 1ve
Hain Burner
Turbine
Duct, Duct Burner, Intermediate
Cas i n_

_Illm|) e r

3

4

5

6

7

8

TABLE V.- COMPOUENT DIf!ErISIOH

Dimension

Front outer tip diameter
(dual flow components)

Front tip diameter

Rear outer tip diameter
(dual flow components)

Rear tip diameter

Front outer huh diameter
(dual flow components)

Front huh diameter

Rear outer hub diameter
(dual flow components)

Rear hub diameter

IDEtITIFICATIOH HUHBERS

Humber

2

5

6

7

8

9
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TABLE Vl. - BARE ENGIME WEIGHT BREAKDOI,]H
CALCULATED HITH HEIGHT PROGRA_

Pratt & Whi tney
l12B variable cycle

Component

k_

tJei _h

Pratt & Nhi tney 5U2B
Duct burnin_ turbofan

Wc_I _h t

1b _l

Fan

Intermediate cas in_

Compressor

Comhus for

HP turbi ne

LP turbine 1

LP turbi ne 2

Di fFuser/Burner

Va Ive

Control s, Accessor ies,
Lubri cation

Total bare engine

1889

385

260

127

98

397

G48

418

820

38G

5428

Ib m k_

4162

849

573

279

21G

374

1427

921

1806

P,50

996

3_2

699

329

200

786

907

38§

4G45

2193

754

1539

724

440

1731

1998

850

1022911953

Engine size- 409k_;/sec (9001bm/sec)

$7
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